In the present study, the buckling behavior of short cylindrical Functionally Gradient Polymeric Materials (FGPMs) was studied. Besides, the structure and graphite distributions of the FGPMs were investigated. Epoxy resin was used as polymeric matrix component and two types of graphite powder materials, PAM96/98 and PV60/65, were selected. Graphite powders were added in quantities of 3, 6, 9, and 12% of volume respectively. Short cylindrical FGPMs samples were manufactured by centrifugal casting method. The structure and graphite distribution of FGPMs samples were investigated by light microscope and image processing program. It was observed that the graphite distribution had varied between the inner and outer diameter. The buckling behavior of short cylindrical FGPMs was analyzed by nite element analysis. The buckling loads of FGPMs samples were predicted.
Introduction
Functional graded materials (FGMs) are innovative composite materials whose composition and microstructure vary in space following a predetermined law. The gradual change in composition and microstructure gives place to a gradient of properties and performances [1] . A typical FGM is an inhomogeneous composite made from dierent phases of material constituents [2] . In present study, polymeric gradient materials based on epoxy resin Most of early research studies in FGMs mainly focused on thermal stress analysis and fracture mechanics. But recently, many comprehensive surveys for bending and buckling analysis of plate and shell structures made of FGMs were presented [38] . Besides, cylindrical shell is one of the important structures used widely in engineering applications. When the cylindrical shells are subjected to compressive loads, external pressure etc., they may be buckled. Shen and Chen [9] studied the buckling and analyses of cylindrical shells under combined loads. Paimushin [10] reported details of local and global buckling of cylindrical shells subjected to compression and external pressure. Shen [11] and Shen et al. [12] presented the buckling analysis of laminated composite cylindrical shells under combined external pressure and * corresponding author; e-mail: mineuslu@yildiz.edu.tr axial compression. Besides, the investigation of buckling of cylindrical FGMs shells is a necessary fundamental problem, which has attracted attention of many researchers. Khazaeinejad [13] 
M. U. Uysal, M. Kremzer 6, 9, and 12 vol.% were chosen. In this research, the centrifugal casting method, being one of the most eective methods for polymeric gradient materials creation, was applied [16, 17] . Dimensions of produced FGPMs can be seen in Fig. 1 . Table I, symbols I, II, III, IV, and V represent the ve regions from the outside to inside. The percentages of graphite area density in these regions are given in Table I . 
where ξ is a shape factor that depends on the geometry of the ller particle and ν f is the vol.% of ller. The shape factor was assumed as 5.1 due to the fact that graphite shape was ake-like [22] . The parameter η is determined
In this study, the modulus of elasticity was calculated by using Equations 1, 2 and values from Table I for each of the ve regions. In calculations, E P AM , E P V , and E epoxy were taken as 1000, 1020, and 3.24 GPa, respectively and ν P AM , ν P V and ν epoxy were taken as 0.261, 0.272, and 0.25, respectively.
Analysis of PAM and PV samples
The 
Analysis of results and discussion
The inuences of graphite type and graphite ratio (vol.%) on the buckling load are presented in Fig. 3, 4 .
The percentages of graphite volume ratio in FGPMs are compared for rst three modes. Figure 3a shows that the critical buckling load (mode 1) increases by 9.78% when the percentage of volume ratio of PAM96/98 is raised from 3% to 12%. The buckling loads tend to increase when the modes change between 1, 2, and 3, respectively. However, the increase is slight between mode 1 and mode 2 and it is drastic between mode 2 and mode 3. The maximum change, reecting the dierence of graphite material ratio, is seen in case of 6 vol.% and 9 vol.%. The buckling load increases by 11.64% at PV60/65 volume ratio of 12%, when comparing mode 1 and mode 3 (Fig. 3b) . The critical buckling loads of PAM96/98 and PV60/65 FGPM samples are given in Fig. 4 . The results are found to be similar for two dierent types of graphite.
Although same manufacturing method was applied and same graphite ratio was added in two types of materials, the higher critical buckling loads were obtained for PV60/65, with the exception of sample with 9% volume ratio.
Conclusion
This study was performed in order to evaluate the graphite.
